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FOREWORD

1. This Military Interface Standard is approved for use by all Depantments and Agencies of the Department of
Detfense.

2. Beneficial comments (recommendations, additions, deletions) and any pertinent data which may be ofuse
in improving this document should be addressed to: ASC/ENSI, Wright-Patterson AFB OH 45433, by using

[ T P Y PR
I U s aocudiren, ur oy

[ e R Y N ] Py

the Standardization Document improvement Proposai (DD Form 14286} at the
letter.

o

3. This standard is written for use by the project engineer in a military procuring activity who is specifying a
new system or subsystem design.

4. This standard is formatted to draw attention to aspects of the design where tailoring of requirements is
necessary or passible. The figures shown herein are intended as examples and need not be duplicated
exactly for each application. Each requirement is discussed in the appendix.

5. This document replaces MIL-STD-884, Electronically or Optically Generated Displays for Aircraft Control
and Combat Cue Information.
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MILITARY INTERFACE STANDARD
AIRCRAFT DISPLAY SYMBOLOGY

1. SCOPE

1.1 Scope. This standard describes symbols, symbol formats, and information content for electro—optical
displays that provide aircrew members with information for takeoff, navigation, terrain following/terrain avoid-
ance, weapon delivery, and landing. It describes symbol geometry, font, recommended dimensions, and
mechanizations. This document also defines the symbology requirements for a primary flight reference and
describes some fundamental relationships between symbol motion and aircraft system states.

This standard does not describe symbols for electronic warfare displays which are normally classified in
meaning. It does not describe qualities (other than those mentioned above) that affect legibility, such as
resolution, brightness, uniformity, contrast, flicker, noise, minimum line movement, color, and the like.

1.2 Application. This symbols in this standard apply to displays used on military aircraft.

1.3 Use. This standard should not be used for contractual purposes until all tailoring decisions have been
made and incorporated into the wording. In tailoring each requirement of sections 4and 5, the corresponding
guidance in the appendix should be considered. The requirement for a standard primary flight reference can
be incorporated into a contract by requiring primary flight reference displays and symbology as defined in
section 4.1.

1.4 Deviation. Inthe event a projected design for a given application results in improved system perfor-
mance, reduced life cycle cost, or reduced development cost through deviation from this standard, or where
the requirements of this standard result in compromise in operational capability, the issue shall be brought to
the attention of the procuring activity for consideration of change.

2. APPLICABLE DOCUMENTS
2.1 Government documents

2.1.1 Specifications and standards. Unless otherwise specified, the following specitications and stan-
dards of the issue listed in that issue of the Department of Defense index of Specifications and Standards
(DoDISS) specified in the solicitation form a part of this standard to the extent specified herein.

SPECIFICATIONS
Military
AFGS-87213 Displays, Airborne, Electronically/Optically Generated

(Specifications may be added to this list when tailoring the document. Appendix section 20 ma y list applicable
specifications.)

STANDARDS
Military

(Standards may be listed here when tailoring the document. Appendix section 20 may list applicable
standards.)
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{Unless atherwise indicated copies of federal and military specifications, standards, and handbaoks are avail-
able from the Standardization Documents Order Desk, Building 4D, 700 Robbins Avenue. Philadelphia, PA
19111-5094 )

2.1.2 Other Government documents, drawings, and publications. The following other Government
documents, drawings, and publications form a part of this specification to the extent specified herein. Unless
otherwise specified, the issues are those cited in the solicitation.

(References may be listed here when tailoring the document. Appendix section 20 may list other applicable
documents.)

Copie ! d nufactur nnect ecific

{Copies of publications required by manufacturers in connection with specific acquisition functions should be
obtained from the contracting activity or as directed by the contracting officer.)

2.2 Non-Government publications. The following document(s) form a part of this specification to the
extent specified herein. Unless otherwise specified, the issues of the documents which are DOD adopted are
those listed in the issue of the DODISS cited in the soficitation. Unless otherwise specitied, the issues of
documents not listed in the DODISS are the issues of the documents cited in the solicitation.

{Publications may be listed here when tailoring the document. Appendix section 20 may list applicable non—
Government publications.}

{Application for copies should be addressed to [name and address of the source].)

(Non—Government standards and other publications are normally available from the organizations that pre-
pare or distribute the documents. These documents also may be available in or through libraries or other
informational services.)

2.3 Order of precedence. Inthe event of a conflict between the text of this document and the references
cited herein, the text of this document takes precedence. Nothing in this document, however, supersedes
applicable laws and regulations unless a specific exemption has been obtained.
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3. DEFINITIONS, ABBREVIATIONS, AND ACRONYMS
3.1 Display definitions

3.1.1 Center total field of view (CTFOV). Center total field of view (CTFOV) is located at the center ot the

"HUD'’s total field of view.

3.1.2 Electronic attitude director indicator (EADI). The EADI is a replacement for the standard ADI, but
with no moving parts other than controls and switches. The EADI presents the symbols on a display using
either a CRT or direct view flat plate technology. Basic information consists of attitude, altitude, and air speed.
Other information can be presented depending upon mode requirements and displayed by mode selection,
e.g., IiLS, NAV, weapon release, efc.

3.1.3 Head-up display (HUD). The HUD is a display which projects collimated symbolic information into the
aircrew member’s forward field—of-view (FOV). The technique results in the combination of flight control and
weapon delivery information with external visuai cues from the scene normally viewed through the wind-
screen. Specific symbols and formats can be selectable for a given mode of operation. HUD display informa-
tion must be compatible with head—down display information. Take—off, landing, navigation, terrain tollowing/
avoidance, air-to—air and air—-to-ground weapon delivery modes may be provided. Video formats may also be
displayed, such as TV, FLIR, or electronically created video along with symbology.

3.1.4 Helmet—-mounted display (HMD). The HMD is a display which projects video imagery, symbolic
and/or alphanumeric information on a display medium (e.g., combining glass or visor) into one or both eyes of
the aircrew member. In most applications the display medium is attached to a flight helmet which is part of a
head tracking system. The line of sight of the helmet is determined by the head tracking system and a
designated sensor is slewed in a one-to—one angular correspondence with this line of sight. The dispiay
medium then displays the image fromthe designated sensor: television (TV), forward looking infrared (FLIR),
or electronically created video. Specific symbols and formats can be selectable tor a given mode of operation.

3.1.5 Horizontal situation display (HSD). An HSD is a display which aids the crew members in navigation.
It consists of a plan view presentation of heading, distance-to~go, bearing—to—destination or some other
navigation reference, ground track, course, aircraft position, and steering error. Modes may consist of
manual, north—up, track—up, data, test, and off. Selection of map scale factors may also be provided. Naviga-
tion update can be accomplished with the proper computer techniques. Some HSDs can display moving map
video as a background for the symbology. Symbols may be used to annotate check points, various legs of the
mission, high risk areas, ground track deviation, and radar threat warning, etc. Specific modes and formats
can be selectable for a given mode of operation.

3.1.6 HUD reference points — All the HUD’s symbology is referenced against either one of four fixed
reference points or other HUD symbols. The four fixed reference points are the center total fieid of view, the
aircraft reference point, left hand reterence point, and the right hand reference point.

a. Aircraft reference point (ARP) is defined as the point on the HUD that a line, which extends fromthe
design eye point and is parallel to the aircraft reference line, passes through. The Climb—Dive Marker and
Flight Path Marker are referenced from this point.

b. Leftt-/right-hand reference points (LHRP/RHRP) are a movable point against which the airspeed
and altitude scales are positioned. The LHRP and RHRP always have the same vertical position and are of
equal horizontal distance from a vertical line running through the CTFOV. The vertical positions are chosento
keep the climb—dive marker between the airspeed and altitude scales during normal cruise flight and
approach and landing modes. Their horizontal distance is chosen to ensure their visibility within the IFOV and
to establish an effective crosscheck distance.
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3.1.7 Muitifunction display (MFDR). The MFD is a general purpose display which may be used in many
places in the cockpit. In addition to the modes listed for the HSD and VSD, other possible modes are energy
management, engine management, aircraft subsystem information, and integrated test and maintenance.

Specific modes and formats can be selectable for a given mode of operation. |t is sometimes called a
Multipurpose Display (MPD). ‘

3.1.8 Vertical situation display (VSD). The VSD has all of the features of an EADI, with the increased
capability of displaying sensor data. Additional modes may consist of TV, infrared (IR}, attack radar, weapon
TV, or terrain following radar. Specific symbols and formats can be selectable for a given mode of operation.
When any mode other than one of the primary EADI modes is selected, the VSD may present basic symbolic
information for flight control superimposed on the sensor data. VSD formats generally do not use sky/ground
SNading.

3.2 Information definitions (from MIL—STD-1295 and MIL-STD-884)

3.2.1 Coding characteristics. Coding characteristics are readily identifiable attributes commonly
associated with a symbol by means ot which such symbols are differentiated; i.e., size, shape, cotor, etc. See
MIL-STD-1472 for more information on coding requirements.

3.2.2 Command information. Command information is displayed information directing a control action.

3.2.3 Milliradians {mr). Aradianis a unit of plane angular measurement equal to the angie atthe centerof a
circle subtended by an arc equal in length to the radius. A mr equals one thousandth of a radian.

3.2.4 Mode. A mode is the functional state of the display and/or control system(s). A mode can be manually
or automatically selected.

3.2.5 Occlusion. {Sometimes called sparing.) The blocking of one symbol by another. For example, the
altitude display has higher occlusion priority than the horizon line, so the piece of horizon line which would
overwrite the altitude dispiay (pius about a 2-mr margin) is not written to the screen when the aircraft attitude
would cause them to intersect.

3.2.6 Predictive information. Predictive information is information predicting future status, condition, or
position of the aircraft, a system, or a subsystem.

3.2.7 Primary flight data. Instrument flight information required 1o support the execution of specific instru-
ment flight maneuvers (See Table 1). The basic intent of Primary Flight Data is two-fold:

1. Provide the pitot or cockpit crewmember with the most accurate, intuitive and complete set of flight instru-
ment symbology necessary and sufficient o accomplish any portion of the mission.

2. Minimize the amount of eye movement needed to integrate all the required flight instrument information for
the safe accomplishment of the mission.

3.2.8 Primary flight instrument. A primary flight instrument is any display or instrument that serves as the
pilot's primary reference of some instrument flight information. A centrally located attitude directional indica-
tar (ADI) can be considered a primnary flight instrument because it is the pilot's primary reference for pitch,
bank and command steering information.

3.2.9 Primary flight reference (PFR). A primary flight reference is any display or suite of displays or
instruments that provide all required information for instrumented flight and complies with the MIL-STD~-1787
requirements tor information cantent and presentation.
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3.2.10 Qualitative information. Qualitative information is information presented by a display in a manner
which permits the display user to assess the information without requiring attention to an exact numerical

quantity.

3.2.11 Quantitative information. Quantitative information is information presented by a display in a manner
which permits the display user to observe or extract a numerical value associated with the information. It may
be displayed in either digital or analog formats.

3.2.12 Single medium primary flight reference. A single display medium (i.e., MFD, HUD, HMD, etc) that
complies with all the requirements of a primary flight reference. The term single-medium should never be
confused with the term single/sole source. The word source refers to the subsystem or sensor at which the
flight instrument information originates. Therefore, a single/sole source display implies that the information
presented on the display is generated from a single source. With today’s integrated avionics, it is uncommon
and unwise, to depend solely upon a single source for such critical information. The development of the
Mil-Std 1787 baseline symbology set was to establish the HUD as a single-medium primary flight reference.
Simply stated, this means that the Air Force now officially recognizes and endorses the use of the HUD as a
primary means of presenting flight instrument information.

3.2.13 Status information. Status information is current condition information about the aircraft system and
its surroundings.

3.2.14 Symbol. A symbolis a geometric form or alphanumeric information used to represent the state of a
parameter on a display.-

17.45 mr = 1 deg
1 mr=.0573 deg
1 mr = 3.44 min
1 min=291mr

3.2.15 Symbol size. Actual symbol size on a direct view display based on design eye distance from the
display can be calculated using the following formula:

2Dtan(a/2) =L

L = size of symbol at display
D = design eye distance from the display
a = symbol subtense (degrees)

Example: The breakaway symbol is 100 mrin length. What is the size of the symbol at the display incm, if the
design eye distance is 28 inches (71 cm})?

0.0573 deg
100 mr X mr =5.73 degrees

2(71)tan (5.73/2) =LtL =7.11cm
This formula does not apply for head—up displays. Computer ray traces of a HUD optics train are required to

determine symbol size on HUD CRTs. See AFGS-87213 for the measurement procedures used to verify
symbol size on head—up and head—down displays.
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3.3 Abbreviations and acrohyms

AJA — air—to-air

A/G — air-tc—ground

ASE — allowable steering error

ASL — azimuth steering line

BFL — bombfall ling

CCIL — continuously computed impact line
CCIP — continuously computed impact point
CCRP - continuously computed release point
CDI - course deviation indicator

CDL - ¢limb/dive ladder

CDM — climb/dive marker

CTFOV - center total field of view

EADI — electronic attitude director indicator
EO - electro-optical

FLIR — forward looking infrared

FOV — field of view

FPM - fight path marker

GHL — ghost horizon line

HSD — horizontal situation display

HSI — horizontal situation indicator
"HUD - head—up display

Hz — hentz

IFOV - instantaneous field of view
ILS = instrument landing system
{P —initial point

LCOS - lead computing optical sight
Ldg - landing

LHRP —left-hand reference point
LOS — line of sight

mr — milliradians

Nav — navigation

PFR - primary flight reference

PPi — plan position indicator
RHRP - right-hand reference point
Bmax — fange, maximum

Rmin — range, minimum

TAA - target aspect angle

TACAN — tactical air navigation
TD - target designator

TF — terrain following

TFOV - total field of view

TISL - target identitication set, laser
TOF — time of flight

VD! - vertical deviation indicator
VFQV - venrtical field of view

V3D - vertical situation display
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4. REQUIREMENTS

4.1 Information content of the display. Displays shall present information needed for all instrument
tlight maneuvers to include takeoff, navigation, and landing. Symbols and symbol formats shall be integrated
with emphasis on enhancing the pilot’s spatial orientation and situational awareness while minimizing display
clutter, particularly when visibility is poor.

4.1.1 Primary flight reference (PFR) data. All pilot crew stations from which a pilot is to control an aircraft
shall have at least one complete set of PFR data meeting the following requirements: A PFR shall provide the
pilot flying the aircraft with the information required to accomplish an instrument maneuver during a mission
segment and shall enable the pilot to maintain attitude awareness and to recaver from an unusual attitude. A
single-medium primary flight reference shall present the required information on a single medium such as a
muitifunction display, head-up display, or helmet-mounted display. The PFR shall be a prominent, centrally
located display.

a. Location. A complete set of primary flight data shall be presented either head up or head down at aff
times. It the primary flight data is located head up, a head-down presentation shall be immediately available
from only one hands-on switch action by the pilot. A head-up PFR shall subscribe to location criteria for
head-up displays. The head-down PFR shall be centrally located within the pilot's normat scan pattern onthe
instrument panel. Vertical stacking on top of the primary navigation display is preterred; however, a side-by-
side arrangement withthe PFR onthe leftis acceptable. If both a head-up and head-down PFR are presented,
the head-down PFR shall be located on the instrument panel as previously described and within 25 degrees of
the horizontal axis of the center of the HUD field of view (FOV) (Figure 1a).

Vertical Axis
o PFR HUD
----- pecefrmesceapee-mqes--q-------\-------- Horizontal Axis
25° :
Field <, :
of \‘ ,'_
Vision .

PFR HDD

L R ik R

FIGURE 1. a. Preferred location of head-up and head-down primary flight reference displays.
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b. Critical flight data. A PFR shall always provide the following critical tlight data:

(1) Climb/dive angle (pitch and vertical velocity if a single symbol representing the climb/dive angle is
invalid or unavailable) shall be centrally located within the PFR and shall provide the crew member with a
minimum coverage angte of

{2) Bank

(3) Altitude

(4) Airspeed

c. Data for instrument maneuvers. When the following data is required for an instrument maneuver it
shall be provided in the PFR:
{1} Heading
(2) Bearing
(3) Distance
{4y Lateral and vertical deviation from a selected course and glide path
(5) Flight director and an indication of absolute aititude (category Il and lll approaches)
(6) Angle of attack
{a) and sideslip
(b) when required by aircraft design

d. Supplemental flight data. The following information is not required in the PFR but shall be in the
viewing area of the pilot flying the aircraft:

(1 Power indication

(2) Altimeter setting (when monitoring barometric altitude)
{(3) Selected course

(4) Tirning

e. Non-PFR data. Additional information included on the display(s) containing the PFR shall not inter-
fere with maintaining attitude awareness or recovering trom an unusual attitude.

f, Failure indication. Failure indication of any required data shall be provided in the PFR.

g. Declutter. Symboals that can be deleted by decluttering should have a secondary warning wher: they
are deleted because of faulty data.
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4.2 Standard symbols. Symbols forthe functions described under 4.2 shall have the geometry shownin
the figures accompanying each paragraph in the standard.

4.2.1 Aircraft reference symbology

4.2.1.1 Climb/divemarker. The climb/dive marker (CDM) (Figure 2a) shall display the current climb/dive
angle when read against a climb/dive ladder. The CDM shall be free to move along the vertical axis within the
instantaneous field of view (IFOV) to present the climb/dive angle accurately. If the aircraft’s climb/dive angle
requires the positioning of the CDM outside the fimits of the display’s IFOV, the CDM shall be limited and
replaced by the dashed climb/dive marker (Figure 2b). The CDM or dashed CDM shall be visible within the

display's |IFOV at all times.

l 2.5 mr

FIGURE 2. a. Climb/dive marker (CDM).

Y

2.5 mr

Ky
/ 30° 30° v

| I 2.5 mr

’4_10mr_,.l4_10mr_>|T

FIGURE 2. b. Dashed climb/dive marker.
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4.2.1.2 Flight path marker. The flight path marker (FPM) (Figure 3) shall indicate the actual flight path of
the aircratt when read against the outside warld. The symbol shall be quickened and free to move within the
limits of the HUD's total field of view (TFOV).

| &

' 1.66 mr

FIGURE 3. Flight path marker.

4.2.1.3 Climb/dive ladder. The climb/dive ladder (CDL) shall display the aircraft’s climb/dive and roll
angle when read against the CDM. The CDL shall be a continuous scale consisting of the true and ghost

horizon lines, climb/dive bars with numerica! labels, and the zenith and nadir symbels. CAUTION: Pitch

reference ladder horizon is no longer accurate to the real world.

4.2.1.3.1 Horizon line. The horizon line shall be incorporated into the CDL scale at the zero climb/dive
angle position to provide a horizontal reference point. The horizon line shall be a bold line that extends the
entire width of the HUD TFQV with a 32-mr gap inthe center. The horizon line shall be occluded by the speed
and altitude scales. The horizon line shali be displayed whenever it is within the limits of a circle defined by the
IFOV. Otherwise, the ghost horizon line shall be displayed.

1o yrivy <
limits of the IFOV The GHL
TFOV. The line shall be posnmned on the tangent of a circle about the center total field of view (CTFOV) and
parallel to the horizon. Whenever the CDM is near the GHL, the radius of the circle shall be increased {o
maintain a minimum separation of 20 mr between the CDM and GHL.

4.2.1.3.2 Climb/divebars. The climb/dive bars make up the CDL to display the aircraft's climb/dive angle
when read against the CDM. The climb/dive bars shali consist of 11 solid ¢climb bars and 11 dashed dive bars.
The bars shall be positioned at 5-degree intervals from 5 to 30 degrees and at10-degree intervals from 40 to

80 degrees.

To help distinguish between the climb and dive portions ot the CDL, the wings on the dive hars shall be
bent or sloped by one-half of the dive angle they represent.

10
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4.2.1.3.2.1 Climb bars. The climb bars shall display the aircraft's climb angle when read against the
CDM.

The climb bars shall consist of two 30-mr lines separated by a 32-mr gap with 5-mr vertical lines extending
off each end. Numerical labels ranging from 5 to 80 shall indicate the degrees and shall be located onthe lower

left side of the respective climb bars (Figure 4).
l€— 30mr —>l€— 32mr —>I
5 mr r5 I

FIGURE 4. 5-degree climb bar.

The dive bars shall consist of two 30—-mr dashed lines separated by a 32-mr gap. The bars shall be bent by
one-half of the dive angle (e.g., the 40-degree dive bar has 20 degrees of slope). Numerical labels ranging
from -5 to —80 shall be located on the upper left side of the respective dive bars (Figures 5 and 6).

5mr [
- b SS
2.5°

5 Emr «— 32mr—»

6 mr

FIGURE 5. 5-degree dive bar.

32 mr—p

6 mf/](— 5 mr |
'80 /‘ijr > N 400/
7

¥

FIGURE 6. 80-degree dive bar.
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4.2.1.3.3 Zenithsymbol. The zenith symbol (Figure 7} shall display the highest possible climb angle (i.e.,
90 degree climb angle). The zenith symbol shall always rotate to point toward the nearest horizon.

l————— 18 mr ————

738 mr—Jm]
9mr
2.6 r'nr->|
27 mr

FIGURE 7. Zenith symbol.

12
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4.2.1.3.4 Nadir symbol. The nadir symbol (Figure 8) shall represent the lowest possible dive angle (i.e.,
90 degree dive angle). The nadir symbol is always rotated to point toward the nearest horizon.

1

15 mr

=
=

FIGURE 8. Nadir symbol.

l—

N
wn
3
=

—>»{!

4.2.1.4 Longitudinal acceleration cue. The longitudinal acceleration cue (LAC), when read against the
CDM, shall provide an indication of the aircraft's acceleration along its flight path (Figure 9).

| 5mr |-

}

10 mr

& A
T

FIGURE 9. Longitudinal acceleration cue.
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4.2.1.5 Speed worm. The speed worm (Figure 10) shall indicate deviation from the aircraft's on-speed
angle of attack. This symbol shall be located on the left wing of the CDM and remain vertical in relation to the
CDM. The wormis a rectangle that varies in height above or below the CDM wing. The speed worm shall be
displayed when the HUD is in instrument landing system (ILS) mode or landing gear is down.

Speed Worm Height

0 I A

FIGURE 10. Speed wottmn.

ll ') 1 = Alvrraft niteh rafaranas
I 0 ACTaN pacn rewerenc

! aircraft symbol) shall be in a fixed location on the display. referenced to the aircraft fuselage datum. The apex
ot the W shall be aligned with the wings and the symbol shali be laterally centered. Occlusion priority is high.
_(Figure 11)

o cumhnl The nitch reference symbol {also known as the miniature

FALLIS LV R LRRAV N S reter o Sy VGisl

«< 10 mr f

\\/

-t 30 mr »

FIGURE 11. Aircraft pitch reference.
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4.2.2 Scales. Scales shallbe usedto display the aircraft’'s speed, barometric altitude, heading, and bank.
All scales, except the bank scale, shall be positioned against the left- and right-hand reference paints (LHRP
and RHRP). The bank scale shall be centered around the CTFQOV.

' 4.2.2.1 Airspeedscale. The speed scale (Figure 12) shall display the aircraft's current and commanded
speeds. The speed scale shall consist of a dial with index, commanded speed caret, and various readouts.
The readouts shall include the current speed and appropriate commanded speeds. The center of the speed
dial shali be positioned at the LHRP. The type of airspeed displayed (indicated or calibrated) shall be that
which the aircraftis normally flown and shall not include any associated letters. This display shall be presented
full time on the primary flight reference (PFR).

The current speed shall be displayed as a digital readout at the center of the dial. The commanded speed
readouts shall be displayed above the dial whenever the difference between the current speed and the com-
manded speed is greater than 40 knots. The commanded speed caret shall be displayed on the dial whenever
the aircraft’s speed is within 40 knots of the commanded speed.

140A

253 150

A N

a. Current and commanded speeds displayed. b. Current speed and commanded speed caret
displayed.

FIGURE 12. Airspeed scale.

15
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4.2.2.1.1 Airspeed dial. The speed dial (Figure 13) shall consist of 10 dots equally spaced around an

18-mr circle with a 7-mr index located & mr from the center of the dial. The index shall make one complete

CHOCII\WiSe Te‘kuuﬁﬂ tor eve'ry 100 knot aS“‘\Ig eheed ThD cantero nl fhe Sneed dial s th" he nﬂqwlnnpd

at the LHRP.

| /

18 mr 36°

"i(_—" LHRP

“
. \’/mr | .

7 mr

FIGURE 13. Speed dial.

4,2.2.1.2 Airspeed readout. The speed readout, composed of three digits, shall be dispiayed in the
center of the speed dial. All digits shall be tull size {7 mr high by 4 mr wide), and leading zeroes shall be
displayed as blank spaces. The resolution of the display shall be to the nearest knot.

999

16
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4.2.2.1.3 Commanded speed caret. The commanded speed caret (Figure 74) shall point to the com-
manded speed wheneverthe difference between the current speed and the commanded speedislessthan 40
knots. The caret shall be located on the outside edge of the speed dial pointing inward.

A 60 percent sized letter shall appear next to the caret to identify which commanded speed is being indicated
by the caret.

40°
-~
/‘\
8mr

~

FIGURE 14. Commanded speed caret.

4.2.2.14 Commanded speed readouts. The commanded speed readouts shall display the various
commanded speeds. A readout shall be displayed whenever the difference between the current speed and
the commanded speed is greater than 40 knots. The readout shall be positioned above the speed dial,
followed by its letter identifier, and shall be 60 percent of full size.

140 A

17
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4.2.2.2 Altitude scale. The altitude scale (Figure 15) shall display the aircraft's current and commanded
altitudes and the aircraft's vertical velocity. The altitude scale shall consist of a dial with an index. an altitude

Ay ~ mandad altitigA
readout, a commanded altitude caret, commandead altitude readouts, and 3 vertica! velocity arc. The com-

manded altitude caret shall be displayed whenever the aircraft’s altitude is within 400 ft of the commanded
attitude, and the vertical velocity arc is displayed whengver the CDM is limited. The altitude dial shall be
positioned at the RHRP.

7705
2500C

880 780

[ ] L ] 87 - n
» a
a. Current and commanded altitudes and b. Current altitude and commanded altitude
vertical velocity arc displayed; CDM limited. caret displayed.

FIGURE 15. Altitude scale.

18
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4.2.2.2.1 Altitude dial. The altitude dial (Figure 16) shall consist of 10 bold dots equally spaced around a
25-mr circle and a 10.5-mr index located 12.5 mr from the center of the dial. The index shall make one
complete clockwise revolution for every 1000 feet of increased altitude. The center of the dial shall be located

at the RHRP.

36°

25 mr \

RHRP——!) o
~
. 12.5 mr d
™~
10.5mr
L J \ ®

FIGURE 16. Aititude dial.

4.2.2.2.2 Altitude readout. The altitude readout, composed of five digits, shall be displayed at the center
of the altitude dial. Whenever the aircraft’s altitude is greater than or equal to 10,000 ft, the two leading digits
(thousands) shali be displayed full size (7 mr high by 4 mrwide) and the remaining three digits (hundreds, tens
and units) shall be displayed at 60 percent of full size. The resolution of the display shall be to the nearest

10000

When the aircraft’s altitude is less than 10,000 ft, all the digits shall be displayed full size. Leading zeroes shall
be displayed as blank spaces. The resolution of the display shall be to the nearest ten feet.

9870

19
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4.2.2.2.3 Commanded altitude caret. The commanded altitude caret { Figure 17) shall point to the com-
manded altitude whenever the difference between the current altilude and the commanded altitude is less
than 400 feet. The caret shall be located on the autside edge ot the altitude dial pointing inward

A ) gl T LWlbaioila U VLoD TG oA walaT Lan madvaiL.

/ 40“7 _

FIGURE 17. Commanded altitude caret.

4.2.224 Commanhded altitude readouts. The commanded altitude readouts shall display the various
commanded altitudes. A readout shall be displayed whenever the difference betweenthe current altitude and
a commanded altitude is greater than 400 feet. The readouts shall be poésitioned above the altitude dial.

All digits shall be 80 percent of full size with leading zeros displayed as blank spaces. The resoiution of the
display shall be to the nearest foot. The last readout shall be positioned 40 mr above and 10 mr left of the
RHRP. Preceding readouts shall be positioned at 10-mr increments above their following readouts.

1500 S
600 D
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4.2.2.2.5 Vertical velocity arc. The vertical velocity arc (Figure 18) shall display the aircraft's venical
velocity when read against the altitude dial. The vertical velocity arc shall be a bold arc that is displayed
whenever the CDM is limited. During a climb, the amount of vertical velocity shall be displayed by a bold arc
that starts at the 9 o’clock position (750 ft) and extends in the clockwise direction along the upper arc of the
altitude dial. During a dive, it shall extend in the counter-clockwise direction along the lower arc.

2000 ft/min

1000 ft/min 3000 ft/min

4000 ft/min

FIGURE 18. Vertical velocity arc.

In addition to the vertical velocity trend information, itis recommended that a digital readout of vertical velocity
also be presented just below the altitude scale.

VV-1500
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4.2.2.3 Heading scale. The heading scale (Figure 19} shall indicate the aircraft's magnetic heading and
shall consist of a horizontal scale and a lubber line. The lubber line shall indicate the aircraft’s magnetic
heading when read against the horizontal scale. The center point of the heading scale shall be located above
the midpoint of a line connecting the LHRP and RHRP.

O|9 110 111 ‘I|2 1|3

FIGURE 19. Heading scale.

4.2.2.3.1 Horizonal heading scale. The horizontal heading scale (Figure 20) shall be a continuous
scale that moves left and right indicating aircratt heading when read against fixed lubber line. The scale shall
consist of 5-mr, verticaltic marks every 10 degrees and 3-mr, vertical tic marks every 5 degrees. Aminimum of
30 degrees shall be displayed and the scale compressed at a 5:1 ratio. Two-digit numeric labels that range
from 01 to 36 shall be positioned above the 10-degree tic marks indicating 10 to 360 degrees of heading.

L‘-:I | I\ I\ I I 1 [ }

S5mr 3mr

FIGURE 20. Horizontal heading scale.

4.2.2.4 Bank scale. The bank scale (Figure 21) shall display the aircrait's bank and sideslip. The bank
scale shall consist of a curved bank scale drawn around the CTFOV and a bank/sideslip pointer.

/ n \
N | BT

FIGURE 21. Bank scale with 20° right bank.

22
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4.2.2.41 Curvedbankscale. The curved bank scale (Figure 22) shall consist of a center index and three
tic marks at 10-degree intervals on either side of the index representing 10. 20, and 30 degrees of aircraft
bank. When the aircraft’s bank angle is greater than 25 degrees, additional tic marks shall be displayed at the
45-degree and 60-degree positions on the same side of the scale as the bank/sideslip pointer. Likewise, when
the bank angle is greater than 55 degrees, additional tic marks shall be drawn at the 90-degree and

135-degree positions.

The radius of the bank scale shall be centered about the CTFOV. If the CDM comes within 20 myr of the zero
bankindex, the bank scale shall be lowered to maintain the 20-mr separation between the CDM and the scale.

135° 70 mr 135°
— 900 ‘( 900_
CTFOV
60° 60°,
-~ ~
45° 45°
/Z  30° 30° N\
20 10°pm 10° 20 \
AN | IR
omr Tic Length
e B b 10, 20, and 45
\ 3amr
emr 30, 60, 90, and 135
K
5mr

FIGURE 22. Curved bank scale.

4.2.2.4.2 Bank/sideslip pointer. The bank/sideslip pointer (Figure 23) shall be divided into two sections:
a triangle shaped upper section and a trapezoid shaped lower section. The upper section shall indicate the
magnitude and direction of roll when read against the curved bank scale. The lower section shall indicate the
magnitude and direction of aircraft sideslip when read against the upper section.

Whenthe aircraft is at wings-levelflight, the bank/sideslip pointer shall be positioned below the center index of
the curved bank scale with the tip of the pointer touching the bottom of the center index of the scale. As the
aircraft banks in the clockwise direction (right wing down), the pointer shall move an equal number of degrees
around the curved scale in the counter-clockwise direction; likewise for a left wing down bank. The pointer has
unlimited 360-also suggest degree movement about the CTFOV and is rotated for all bank angles to point

toward the CTFOV.

23
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The lower section shall be positioned relative ta the upper section by the amount of sideslip. For example, with
30 degrees of right bank and a sideslip of 3 degrees to the right, the upper section is rotated to the 30-degree
tic and the lower section is rotated 33 degrees.

3mr

—A F

[ 6 mr >

FIGURE 23. Bank/sideslip pointer.

4.2.3 Navigational symbology. The navigational symbelogy shall provide the pilot with location and
steering information to return to a designated flight path or course. The symbology shall consist of a course
deviation indicator (CDi), a vertical deviation indicator {VDI), flight director steering bars, and a tactical air
navigation (TACAN) indicator. The CDI, VDI, and steering bars shall be positioned relative to the CDM. The
TACAN indicator shall be positioned relative to the CTFOV.

'4.2.31 Course deviation indicator (CDY). The course deviation indicator (Figure 24) shall display the
selected course and the magnitude and direction of deviation. The indicator shall be centered around the
CDM and shall consist of a scale and a pointer. A numerical readout of the selected course should be provided
on the display.

The scale shall consist of four dots with a maximum of 2 dots being displayed at any one time. The pointer shall
be read against the CDM and CDI scale. The pointer and scale shall rotate about the CDM to indicate the
selected course.

6 o— 1o o

FIGURE 24. Course deviation indicator.
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4.2.31.1 CDiscale. The CDIscale (Figure 25) shall contain four 3-mr circles, or dots, with a maximum of
two dots being displayed at any instance. On either side of the scale, the innertwo dots shall be located 15 mr
from the center and each outer dot located another 15 mr from the inner dot. The CDI scale shall be centered
upon the CDM and shall be free to rotate a full 360 degrees about the CDM.

Whenthe deviation is more than one and one—half dots, two dots shall be shown onthe same side of the CDM
as the CDI pointer. When the deviation is between one—half and one and one-half dots, the inner two dots on
each side of the CDM shall be shown. No dots shall be shown when the deviation is less than one-half dot.

o o 0 40
| €15 mr> €15 m>> €15 mro>|

FIGURE 25. CDl scale.

4.2.3.1.2 CDI pointer. The CDI pointer (Figure 26) shall indicate course deviation when read against the
CDl scale.

5.4 mr =

3
o1

Iy

4 mr

60 mr

¥

FIGURE 26. CDI pointer.
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4.2.3.2 Vertical deviation indicator (VDI). The Vertical Deviation Indicator (VD) (Figure 27} shall dis-
play the magnitude and direction of the aircraft's vertical deviation from the desired glidepath.

The indicator shall consist of a scale and a pointer. The pointer shall be read against the scale. For ILS
glideslope, one dot of pointer deflection represents 0.35 degrees of glideslope deviation.

The VDI shall be located to the right of the CDM and shall move verticaily with it.

o

>O

ey

,{ % 70 mr =
o
o

FIGURE 27. Vertical deviation indicator.
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4.2.3.2.1 VDIscale. The VDlscale (Figure 28) shall be usedin conjunction withthe VDI pointerto indicate
vertical deviation. The scale shall consist of four 3-mr circles, ordots, and a 6-mr by 2-mr, open—centered box.

The dots shall be located two above and two befow the box.

O —3mr

15mr

> (<€ omr
- B0 2mr

o

FIGURE 28. VDI scale.

4.2.3.2.2 VDI pointer. The vertical deviation pointer (Figure 29) shall indicate vertical deviation when
read against the VDI scale. The pointer shall be located on the left side of the VDI scale pointing to the right.

54 mr

A

FIGURE 29. VDI pointer.
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4.2.3.3 Flightdirector steering bars. The two flight director steering bars, bank steering and pitch steer-
ing {Figure 30), shall indicate the amount and direction of the flight directar roll and pitch steering error.
respectively, when read against the CDM. As the pilot rolls and pitches inthe direction of the bars, the steering
errors decrease and the bars move toward the CDM. The aireraft is at the commanded roll and pitch angles
whenthe bars are positioned onthe CDM. Both bars shall be 80 mr inlength and displayed wheneverthe HUD

is in ILS mode. The movement of the bars shall be limited to 2.5 degrees.

i /q Bank Steering-Erro

| I

FIGURE 30. Flight director steering bats.

4.2.34 Bearing (VOR/waypoint) indicator. The bearing indicator (Figure 371} shall display the relative
bearing to the selected navaid station and the radial from the station. The indicator shall consis! of a bearing
pointer, reference wings, and a readout. The pointer shall move about the center of the indicator to show the
relative, magnetic bearing to the navaid station. The readout shall display the magnetic radial fromthe station.
The pointer shall be removed and the readeut shall display XXX whenever the navaid receiveris not receiving

Qirvey

The indicator shall be displayed in TACAN and ILS modes and shall be located in the upper right corner of the
IFOV.
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{

— 086 —

FIGURE 31. Bearing indicator.

4.2.3.4.1 Bearing pointer. The bearing pointer (Figure 32) displays the relative bearing to the selected
navaid station. The pointer shall be located 20 mr from the center of the bearing indicator and shalt be free to
rotate afull 360 degrees about the center. If the navaid receiver is not receiving a signal from a station, then the

pointer shall not display.

|—— & mr—=|

i

10 mr

—i|

n
3

| —

¥

B 3mr =<2

FIGURE 32. Bearing pointer.
4.2.34.2 Reference wings. The bearing pointer reference wings (Figure 33) display a reference point

against which the bearing pointer can be read. The wings shall consist of two 8-mr horizontal bars that
represent the aircraft’'s wings. The bars shail be located 10 mr from the center of the indicator.

> smr |l > smr &
3 36 mr > o

FIGURE 33. Reference tics.
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4.2.3.4.3 Radial readout. The radial readout shall display magnetic radial fromthe selected navaidto the
nearest degree. The readout shall consist of a 3-digit number, fuil size, with the teading zero shown. The
readout shall display XXX whenever the navaid is not receiving a signal. The readout shall be located at the
center of the bearing indicator.

- 086 or XXX

4.2.4 Mission symbology

4.2.41 Acquisition cursor, air-to-air (A/A). This vertical situation display (VSD) symbol shall be dis-
played in all search modes to enable manual target designation. The dimensions of the A/A cursor shall be
scaled to the target symbol size {Figure 34).

B

10 mr or symbol size— 7
Cursor must not mask symbols on display

FIGURE 34. Acquisition cursor A/A.

4.2.4.2 Acquisition cursor, air-to-ground (A/G) B-scope. This head down symbol shall be displayed
with a B-scope presentation to indicate IP or target location in range and azimuth (Figure 35).

Slew_ab|e
acquisition 1
ouirsar

Note: Bar Ient];th

I is equa
used o ¢ ' to display
designate target size
or [P during

search mode

X

Note: During search, only Horizontal bar
vertical bar is present
and it scans the scope

“.-'\

p— \ .
Vertical bar

FIGURE 35. Acquisition cursor, A/G B-scope.
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4.2.4.3 Acquisition cursor, A/G PPl-scope. This head down symbo! shall be displayed with a plan
position indicator(PP!) scope presentation to indicate IP or target location in range and azimuth (Figure 36).

—

- \\ R
~ ange arcs
~
N

Scanning
Radial

—————
— ——

Radial
cquisition
cursor

Acquisition cursor

120°Sector scan

FIGURE 36. Acquisition cursor, A/G PPI-scope.

4.2.4.4 Aiming reticle, stadiametric. This symbol shall be used for stadiametric ranging. It shall be a
variable diameter circle surrounding a -mr diameter circle and -mr diameter pipper dot

(Figure 37).

Variable diameter circle

6—mr dia. circle
1-mr pipper dot

FIGURE 37. Aiming reticle, stadiametric.
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4.2.4.5 Aiming reticle, standby. This symbol shall be used for manual weapons delivery missions. It
shallhave _diameterand diameterdashed octagons centered arounda _ pipper

dot {Figure 38}

- 50-mr dia. octagon
/ <«
/ / 25-mr dia. octagon

I 1—mr pipper dot
L ]

N
N\

4.2.46 Allowable steering error (ASE) circle and steering dot for A/A attack. The ASE circle and the
steering dot shall be used as A/A radar display features designed to provide either lead angle collision or
pursuit steering depending on the phase of an attack. The circle shall vary in size with respect to target range
and target aspect angle (TAA) (Figure 39).

2 mr dot / Variable diameter circle

®

FIGURE 39. Allowablie stearing error {ASE) circle
and steering dot (A/A attack).
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4.2.4.7 Antenna azimuth and elevation markers. These carets shall indicate the current radar scan
positions on a VSD. At lock-on, they shall indicate the azimuth and elevation angles of the target when read
against scales (see Figure 49) on the edge of the display. Tick marks shall be every degrees, and
numerics, every tick mark. (Figure 40)

1| 2mr

kY

—»{4m

FIGURE 40. Antenna azimuth and elevation marker.

4.2.4.8 Azimuth steering line (ASL). This symbol shall be displayed relative to the heading scale and
shall provide a steering reference with respect to the FPM. The ASL shall be resoived vertically in the ground
axes with respect to the ground stabilized reference point (for example, target or steerpoint) (Figure 41).

Solution cue

|
o"L\
- ——-

..’
ASL (size depends on display VFOV)

A/G TD (CCRP)
A

FIGURE 41. Azimuth steering line (ASL).
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4.2.49 Beacon symbol (steerpoint symbol, destination symbol, initial point (IP} symbol). This
symbol is displayed on the head-down and head-up displays. This symbol shall be used for navigation,
fixtaking, weapon delivery, and tanker rendezvous to display the range and bearing of steerpoints or coded

beacon replies from ground-based or airborne beacons (Figure 42).

FIGURE 42. Beacon symbol (steerpoint symbol, destination symbol, initial point symbol).

4.2.410 Bombfaltline (BFL). The bombfallline shali extend between the FFM and aiming pipper (impact
point) and shafl approximate the trajectory that the weapon assumes to the target (Figure 43).

)
——
!

Solution cues

BLF length determined
by fire control computer

_
—4  Pullup cue

< :> CCIP Pipper

FIGURE 43. Bombfall line (BFL).
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4.2.4.11 Breakaway symbol. This symbol shall be displayed at minimum weapon release range and/or
upon reaching the minimum safe pull-out altitude during A/G weapon delivery. This symbol shall flash at 5 Hz
when necessary to indicate a need for immediate pull-up of the aircraft (Figure 44).

100 mr line length
/ g

FIGURE 44. Breakaway symbol.

4.2.4.12 Continuously computed impact line (CCIL). This symbol shall be used to display a range of
simulated bullet points associated with flight conditions during snapshoot gunnery solutions. Bullet time-of-
flight (TOF) points shall be marked by tick intervals on the CCIL at . and seconds TOF

(Figure 45).
o
- Gun boresight cross
)
\X‘OSS& TOF tick
6—mr snapshoot reticle
(+)
1.0-sec TOF tick
Variable length CCIL
7—mr tick marks 1.5 sec TOF tick (can also represent gun range)

FIGURE 45. Continuously computed impact line (CCIL).

35

Licensed by Information Handling Services



__Licensed by Information Handling Services

MIL-STD-1787B (USAF)

4.2.413 Guncross. This symbol shall be used for gun target tracking on HUDs to indicate the projectile
conversion point (with no corrections) on the aircraft boresight axis or the projectile position at some distance
corresponding to a normal firing range (for A/G dedicated aircraft}. A reticle similar to this cross is used in
forward looking infrared (FLIR) and radar presentations to represent field of view {FOV) center or a cursor
{Figure 46).

FIGURE 46. Gun cross.

4.2.4.14 Lead computing optical sight (LCOS) track line. This line shall provide an azimuth tracking
reference joining the gun boresight cross with the A/A aiming reticle. The LCOS lag line symbol shall indicate
the degree of pipper unsettlement (lag), if any, and the direction the pipper is moving for a settled solution
{Figure 47).

N /\ ___ LCOS TRACK LINE

\
6—mr dia. circle iL>l <L R\q—

l
"'i-d'

lag line — \

FIGURE 47. Lead computing optical sight {LCOS) track line and lag line.
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